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PERFORMANCE OF PALLET NAILS AND STAPLES
IN 22 SOUTHERN HARDWOODS
By E. George Stern, Earle B. N~rris Research Professor of Wood Constructi011

Virginia Polytechnic Institute and State University, Blacksburg, Virginia

.~BSTRACT I

The effectiveness of pointless, helically threaded, hardened-steel, 3
by O.120-inch, pallet nails with umbrella heads and 21/2-inch, 15-
gauge, 7/16-inch crown, plastic-coated, pallet staples in 22 hard-
woods grown on southern pine sites was determined on the basis
of tests on 522 joints. Specific average performance values were
derived from the test data for the tested joints made of, and rep-
resentative for, these 22 hardwood species.

ACKNOWLEDGMENTS.-This study was performed under the auspices of the
Pallet and Container Research Center of Virginia Polytechnic Institute and State
University in cooperation with the USDA Forest Service's Southern Forest
Experiment Station, which provided supporting funds for this project. Green
logs and cants of the 22 hardwood species were made available by the South-
ern Forest Experiment Station, the Virginia Division of Forestry, and the Uni-
versitys' Reynolds Homestead Research Center. The pallet nails used for this
study were provided by Philstone Nail Corporation of Canton, MaEsachusetts.
The pallet staples and stapling gun used were manufactured by Senco Products
of Cincinnati, Ohio.

Credit is due to Dr-; Peter Koch, Project Leader, Forest Products Utilization
Branch, Southern Forest Expel:iment Station, and Dr. Walter B. Wallin, Mar-
ket Analyst, Forest Products Marketing Laboratory, Northeastern Forest Ex-
periment Station, USDA Forest Service, for their active support and valuablesuggestions in connection with this project. .
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The use of firAltd or trade name. in thi. publication serves to restrict the findings to the par.
titular product under scrutiny and does not constitute an cndors"m..nt of this product.
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Fig. 2.-Average delayed static deckboard-stringer separation resistance offered
by 2ljz", 1S-gauge. 7/16"-cro,vn, Sencote pallet staples in 22 hardwoods from
southern pine sites.

in the, on the average, 5% heavier stringers, was 6% higher than the grand-
average nail-head pull-through resistance in the deckboards. Consequently, nail-
head pull-throu~h resistance and nail-shank withdrawal resistance were balanced.

The average delayed crown pull-through resistance of the staples ranged from
456 to 811 lb., \vith a ~rand-average of 614 lb., and the average delayed leg
withdrawal resistance of the staples ranged from 105 to 497 lb., with a grand
average of 257 lb. Thus, the grand-average staple-leg withdrawal resistance
in the, on the average, 5'7" heavier stringers was 58% lower than the grand-
average staple-crown pull-through resistance in the deckboards. .

While the nail-head pull-through resistance in only five of the 22 wood species
was from 3'/0 to 15li", higher than the nail-shank withdrawal resistance, the
staple-crown pull-through resistance in each of the 22 species was, on the
average, 188% higher than the staple-leg withdrawal resistance, with the dif-
ference ranging from 13'/l to 636'/c higher.

In the light of the above, with five exceptions, the nail-head pull-through resIst-
ance and staple-leg withdrawal resistance were governing the deckboard-stringer
separation resistance. On the average, 4.4 staples should have performed as
well as a single nail.

The relationships between average (la) nail-head pull-through re-
sistance, (lb) nail-shank withdrawal resistance, 2a) ~taple-crown
pull-through resistance, and (2b) staple-leg withdrawal resistance,
on the one hand. and oven-dry specific gravity, on the other hand,
at given moisture contents of deckboards and stringers of the 22

(7)
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Fig. 4.-,,\ vera1!es and ral:tJ{es of test niois~ure content of 22 hardwoods from
southern pine sites.

ge!
,-



NAIL-HEAD PULL.

.
RE,SIST ~CE 1

~
~~
.E 0

014

0 Species Grade I
. Species Grade 2

d3

~~.16 I I

t-m tt

~
.;;
G

«

-§,
~

.c
0-

I

~
Q.
"t)
~

J::
I

.0
Z +
<

~

-0.100.20 0.:iS 0.40 0.50 0.60 0.70 0.80
Oven-Dry Specific Gravity

Fig. 5.-I~elation!1hip between delayed nail-head pu\l-throu~h resistance and nail-
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hardwood species are shown in Figs. 5 and 6.
range, the average delayed

Within the test

(1a) nail-head pull-through resistance was found _to be 7076GDL= 1857G; - '- -- -':'-:::_- - --

"(1b)-"nail~sh~Jlk-witbdrawarresistance-waB found to "be 14489.G5/2DL
-:'3801G;;/2 or 7063GDL= 1854G;

(2a) staple-crown pull-through resistance was found to qe 3900GDL
= 1024G;

(2b) staple-leg withdrawal resistance was found to be 3026G;;/2DL
794G'i/2 or 1512GDL = 397G;

~ -
where G = Oven-dry specific gravity of the wood members; D = Fastener di-

ameter, in inches; and L = Fastener penetration, in inches; with the result-
ing ~alues in pounds. "

(10)

Oven-Dry Specific Gravity

Fig. 6.-Relationship between delayed staple-cro,vn pull-through resistance and
staple-leg withdra,val resistance and oven-dry specific gravity at given mois-
ture contents of deckboards and stringers of 22 southern hardwoods grown on
southern pine sites.



These expressions compare with the empirical formula P = 6900 Gri/2DL for
bright plain-shank nails driven into the side ~rain of seasoned wood or unsea-
soned wood that remains wet according to the 1955 edition of "Wood Hand-
book", Handbook No. 72 of USDA); where P = Fastener withdrawal resist-
ance per inch of penetration, in pounds.

While the nail-shank and staple-le~ withdrawal resistance is normally related
to oven-dry specific gravity in accordance with G:i/2, especially the nail-shank
data may be also represer.ted within the test range by a straight-line relation-
ship with the oven-dry specific gravity, G, as is evident from Fig. 5.

The ranges and grand-averages for the delayed test values for the five species
of Grade 2 (that is, sweetgum, black tupelo, yellow poplar, sweetbay, and red
maple) versus that of the 17 species of Grade 1 (that is, eleven oaks, mocker-
nut hickory, white and green ash, American and winged elm, and hackberry)
are given in the following tabulation:

Test Species
Values Grade

Oven-Dry Nail-Head Nail-Shank Staple-Crdwn Staple-Leg
Specific Gravity Pull-Through Withdrawal Pull-Through Withdrawal

Deckbd. Stringer Res. in Lb. Res. in Lb. Res. in'Lb. Res. in Lb.

0.49-0,800.56-0.81 1053-1407 1082-1522 521-811 120-538
0.66 0.68 1203 1270 631 286

0.42-0.570.43-0.59 704-1092 628-1340 456-773 105-188
0.47 0.52 877 953 556 156

71% 76% 73% 75% 88% 55%

Range
Avg.

Range
Avg.

Avg.

1
2
2

2/1

While the average oven-dry specific gravity of the deckboards and stringers
of species Grade 2 was 29';', and 24'1'" lower, respectively, than that of the
deckboards and stringers of species Grade 1, the average delayed test values
for nail-head pull-thro\1gh resistance and nail-shank withdrawal resistance in
species Grade 2 were 27'1, and 25,;,c lower, respectively, than those in species
Grade 1; and the average delayed test values for staple-crown pull-through
resistance and staple-leg withdrawal resistance in species Grade 2 were 12Cfr
and 45';', lower, respective!y, than those in species Grade 1. These findings are
presented graphically in Fig. 7.

The ranges and grand-averages for the delayed test values for the eleven oaks
included in this study (that is, post, southern red, water, white, black, cherry-
bark, northern red, scarlet, shumard, laurel, and blackjack oak) are given in
the followin~ tabulation:

Test Species Oven-Dry Nail-Head Nail-Shank Staple-Crown Staple-Leg
Values Specific Gravity Pull-Through Withdrawal Pull-Through Withdrawal

Deckbd. Stringer Res. in Lb. Res. in Lb. Res. in Lb. Res. in Lb.

Range 11 0.59-0.80 ~.61-0.78 1083-1407 1096-1522 521-715 227-538
Avg. Oaks 0.69 0.70 1199 1308 605 345

Range 22 0.42-0.800.43-0.81 704-1407 628-1522 456-811 105-538
Avg. Species 0.61 0.64 1129 1198 614 257

Avg. 11/22 113% 109"/0 106% 109"/0 99"/0 134%

The eleven oak species are among the 22 hardwood species which provided the
highest deckboard-stringer separation resistance, as is shown in the bar dia-
grams of Fig. 8.

The grand-averages for the delayed test values for the 22 hardwood specie!;
are valid for lumber of such average oven-dry specific gravity as was deter-
mined during this study. These specific ~ravity values varied from the aver-

111\





ages for the 22 hardwood species as previously established (see Table I to III)
from -21 '/0 to + 12(;~ with grand-averages of - 7(;~ for the deckboards and
-3'/" for the stringers. In the light of this, the delayed test values were
adjusted to be representative for the wood species, as is shown in Table III
and Figs. 9 and 10. These adjustments were made in line with the formulae
developed during the study. Their validity as well as their limitations are
evident from these illustrations.

The reduction of the average delayed te~t values to the COI:nmon
denominator - that is, the average specific gravity of the wood
species as previously established - makes it possible to indicate the
average pallet deckboard-stringer separation resistance, in other
words, the average performan.ce of the joints made of the 22 hard-
wood species, based on the lower values of the nail-head or staple-
crown pull-through resistance and nail-shank or staple-leg withdrawal
resistance. These average joint performance data - derived from
the average delayed test values on the basis of the straight-line
relationship of the specific gravity, G - are based on eleven nail-
head pull-through resistance as well as eleven nail-shank withdrawal
resistance values and 22 staple-leg withdrawal resistance values
for the 22 hardwood species. They are listed in Table IV and
presented graphically in Fig. 11. They may serve as basis for com-
puting the average performance of, including design valueg for, nailed
joints as were tested during this investigation.

It is evident from Fig. lIb that the performance .of the nailed joints assembled
with lumber of the five Grade 2 species was lower than that of the joints
assembled with lumber of Grade 1 species. Furthermore, it can be noted from
Fig. llc that the performance of the stapled joints assembled with lumber of
the five Grade 2 species was, with two exceptions (hackberry and mocker-
nut hickory), alsb lower than that of the joints assembled with lumber of
Grade 1 species.

(13)
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Fig. JO.-Relationship between delayed staple-crown pull-through resistance and
staple-leg with"drawal resistance and oven-dry specific gravity at given mois-
ture contents of deckboards and stringers of 22 southern hardwood species.

T ABLE IV

Average Delayed Joint Performance of 22 Hardwood Species from Southern Pine Sites
Based an Average Specific Gravity Representative for Woad Species and

Lower Values for Nail-Head or Staple-Crown Pull-Through Resistance and
Nail-Shank or Staple-Leg Withdrawal Resistance, in Pounds

Species Species Test Species Spec. Grav. Nailed Stapled
Grade No. Green Val. Oven- Joint Joint

Dry Weight Dry
Sweetgum 2 5 0.448' 0.519 875 188

Mack. Hickory' 1 8 0.619 0.729 1293 171
Black Tupelo 2 15 0.502 0.574 981 186

Past Oak I 2 0.660 0.767 1295 . 222
SrAJ,th. Red Oak I 4 0.609 0.707 1215 291

Water Oak I 19 0.587 0.682 1174 264
White Oak 1 11 0.673 0.783 1272 361

Yellow Poplar 2 10 16 0.397 0.447 652 158
Sweetbay 2 23 0.437 0.493 947 158
81ack Oak 1 7 0.620 0.714 1256 278

Cherrybark Oak 1 20 .0.633 (0.730) 1177 401
White Ash 1 14 0.582 0.659 1249 197
Green Ash 1 1 0.561 0.631 1202 204
Red Maple 2 12 0.496 0.558 1096 99

American Elm 1 21 0.536 0.614 1142 224
Winged Elm 1 18 0.623 0.733 1476 206
Hackberry 1 3 0.525 0.597 1159 128

North. Red Oak 1 13 0.597 0.679 1228 522
Scarlet Oak 1 9 0.622 0.713 1220 300
Shumard Oak 1 17 0.625 (0.n2) 1234 489
Laurel Oak , 22 0.583 0.694 1255 565

Blackjack Oak 1 6 0.638 (0,739) 1121 227

'Serving as representative of the true hickories.

(1~\







SUMMARY
Both nailed and stapled pallet deckboard-stringer .ioints were assem-
bled with 22 hardwoods grown on southern pine sites. These hard-
woods included green and white ash, American and winged elm, hack-
berry, mockernut hickory, red maple, eleven oaks (black, black.iack,
cherrybark, laurel, northern red, .post, scarlet, shumard, southern
red, water, and white oak), sweetbay (magnolia), sweetgum, black
ulpelo, and yellow poplar. The specific gravity of the tested lum-
ber varied from the averages for the 22 hardwood species, as pre-
viously determined, from -21% to +12%, with grand-averages of
-7% for the deckboards and -3% for the stringers.

The joints consisted of 13/16 by 1~/2 by 6-inch deckboards cross-
ing nominal 2 x 4 stringers of the same species. Each joint was
assembled with a single fastener when the lumber was green; and
tested for static deckboard-s~ringer separation resistance in the
fastener direction when the lumber was seasoned to an average
moisture content of 10% of the deckboards and 12% of the string-
ers. The fasteners were (a) hammer driven, pointless, helically
threaded, hardened-steel, 3 by 0.120-inch, pallet nails with umbrella
head and (b) gun-driven, 21f2-inch, 15-gauge, 7/16-inch crown, gal-
vanized, plastic-coated, pallet staples.

Within the test range under scrutiny, the overall delayed nail-head
pull-through resistance was 7076GDL = 1857G; the nail-shank with-
drawal.resistance was 14480 G;;/2DL == 3801G1;/2 or 7063GDL = 1854
G; the staple-crown pull-through resistance was 3900GDL = 1024G;
and the staple.:leg withdraV/al resistance was 3026G1; /2DL = 794G5/2
or 1512GDL = 397G; with the resulting values in pounds.

Specific average performance values were derived for the described
.joints made of, and representative for, the 22 hardwood species
investigated, to serv,e as a basis for arriving at design values under
given use conditions. When determining such design values, con-
sideration need to be given to the fact that the tested joints were of
such dimensions that end splitting by the tested fasteners was elimi-
nated, while such end splitting may occur in the field where the dist-
ance between nail and deckboard end is often less than required to
eliminate end splitting. In contrast, end splitting by the tested staples
has been observed rarely in the field because of the slenderness of
the legs of the tested pallet staples.

APPENDIX
Detailed Test Data

110\
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